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Description 
IDENTIFYING KEY VIDEO FRAMES 

Background of Invention 

[0001] a large number of video frames are often generated by 
equipment such as video cameras from an area or scene 
of interest. Such equipment is often used for several pur- 
poses such as security surveillance and hazards detection 
as is well known in the relevant arts. 

[0002] it i S often of interest to identify video frames (from a se- 
quence of large number of frames), which represent the 
change of visual status in the area (shot) from which the 
sequence of frames are generated/captured. Such frames 
of interest are commonly referred to as key video frames. 

[0003] | n one prior approach, the large sequence of frames is 
first divided into "slots" containing a small number of 
frames, and a few of the frames in each slot are deter- 
mined to be key video frames. In one embodiment, the 
first or last frame in each slot is determined to be a key 
video frame. 

[0004] one advantage of such a prior approach is that a key 



frame is selected periodically (implying at least some in- 
formation is present in a duration corresponding to a 
slot). However, sometimes the keyframes may not repre- 
sent only the changes of visual status, and thus unneeded 
frames may be presented as key video frames. As a result, 
a large number of frames may be determined as key video 
frames, necessitating the undesirable key frames to be fil- 
tered out by further processing. 
[0005] | n an alternative embodiment, frames (e.g., within a slot 
noted above) may be selected as key video frames based 
on the extent of movement of pixels in a current frame 
compared to a prior frame(s). The extent of such move- 
ments) may be determined using techniques such as mo- 
tion vector analysis, in which the extent of movement of 
each pixel of an image from one position to another is 
computed. 

[0006] one problem with such an approach is that small changes 

(such as a change in background shade or illumination) 

may cause a frame to be determined as a key video frame, 

and it may be desirable to ignore such small changes, 

thereby minimizing the number of key video frames. 
Summary of Invention 

[0007] A n aspect of the present invention identifies key frames in 



a video sequence by determining a rate of change of vi- 
sual content of each current frame from a corresponding 
reference frame, and selecting a current frame as a key 
video frame if the corresponding rate exceeds a threshold 
value. 

[0008] | n one embodiment, the rate is determined by first deter- 
mining a displacement magnitude of each moved pixel of 
a current frame compared to the position in the adjacent 
frame, and computing a representative magnitude (e.g., 
mean and variance) of the displacement magnitude for the 
moved pixels of the adjacent frame. 

[0009] According to another aspect of the present invention, a 
current frame is selected as a key video frame if the rep- 
resentative magnitude exceeds a second threshold value. 
The representative magnitude may be computed as an av- 
erage of the motion energy vector magnitude of all the 
moved pixels. In an embodiment, active pixels having a 
high displacement magnitude (e.g., deviating by more 
than two times the variance from the mean displacement 
magnitude of its Gaussian Distribution) only may be used 
in such a computation. 

[0010] Further features and advantages of the invention, as well 
as the structure and operation of various embodiments of 



the invention, are described in detail below with reference 
to the accompanying drawings. In the drawings, like ref- 
erence numbers generally indicate identical, functionally 
similar, and/or structurally similar elements. The drawing 
in which an element first appears is indicated by the left- 
most digit(s) in the corresponding reference number. 
Brief Description of Drawings 

[0011] The present invention will be described with reference to 
the accompanying drawings briefly described below. 

[0012] Figure (Fig.) 1 is a block diagram illustrating an example 
environment in which the present invention can be imple- 
mented. 

[0013] Figure 2 is a flowchart illustrating the manner in which 

key frames are extracted from video data according to an 
aspect of present invention. 

[0014] Figures 3A and 3B together illustrate the manner in which 
the displacement magnitude of each pixel may be deter- 
mined. 

[0015] Figure 4 is a graph illustrating the manner in which active 
pixels are determined in one embodiment. 

[0016] Figure 5 is a graph illustrating the manner in which the 
average displacement energy is used in determining key 
video frames, and the manner in which a threshold used 



for such determination may be dynamically adjusted in 
one embodiment of the present invention. 

[0017] Figure 6 is a graph illustrating the manner in which the 
rate of change of average displacement energy is used in 
determining key video frames, and the manner in which a 
threshold used for such determination may be dynamically 
adjusted in one embodiment of the present invention. 

[0018] Figure 7 depicts example frames which are processed in 
an example embodiment. 

[0019] Figure 8 is a graph illustrating the manner in which some 
of the frames are selected as key video frames in an ex- 
ample embodiment. 

[0020] Figure 9 is a snap-shot of a computer display illustrating 
an example user interface provided according to an aspect 
of the present invention. 

[0021] Figure 10 is a block diagram illustrating the manner in 

which various aspects of the present invention can be im- 
plemented substantially in the form of software instruc- 
tions. 
Detailed Description 



[0022] lm Overview 

[0023] According to an aspect of the present invention, the rate 



of change of visual content in successive image frames is 
used in selecting key frames. As a result, only frames with 
substantial differences may be selected, thereby minimiz- 
ing the total number of frames selected as key video 
frames. 

[0024] | n one embodiment, the change of visual content is com- 
puted to equal the average motion energy vector magni- 
tude (square of displacement magnitude) of a frame. The 
rate is then computed based on a difference of such aver- 
ages for successive frames. 

[0025] According to another aspect of the present invention, a 
frame is selected as a key video frame only if the corre- 
sponding average motion energy vector magnitude ex- 
ceeds a pre-determined threshold. By using such addi- 
tional criteria in the selection of key video frames, the 
number of frames chosen as key video frames may be fur- 
ther reduced. 

[0026] According to one more aspect of the present invention, a 
threshold value ( associated with the rate or average mo- 
tion energy vector magnitude) used in key frame selection 
is adjusted dynamically to ensure that at least a minimal 
number of frames are selected as key video frames even 
in situations when the image content is changing gradu- 



ally. 

[0027] According to yet another aspect of the present invention, 
when computing the difference of visual content, pixels in 
the image frame having little displacement magnitude 
(e.g., deviating by less than two times the variance from 
the mean displacement value according to a distribution) 
may be ignored. As a result, the decisions on selection of 
key frames may be based (at least in some situations) on 
pixels moving substantially only, thereby leading to better 
selection of key frames. 

[0028] Several aspects of the invention are described below with 
reference to examples for illustration. It should be under- 
stood that numerous specific details, relationships, and 
methods are set forth to provide a full understanding of 
the invention. One skilled in the relevant art, however, will 
readily recognize that the invention can be practiced with- 
out one or more of the specific details, or with other 
methods, etc. In other instances, well-known structures or 
operations are not shown in detail to avoid obscuring the 
invention. 

[0029] 2. Example Environment 

[0030] Figure 1 shows a block diagram illustrating the use of 
several aspects of the present invention in an example 



environment (e.g., in surveillance by a security depart- 
ment). However, various aspects of the present invention 
can be used in other environments in which key video 
frames need to be determined from a sequence of video 
frames. 

[0031] The block diagram is shown containing video capture sys- 
tem 110, video data storage 120, key video frames stor- 
age 130, video interface display 140 and key video frames 
identification block 150. Each block is described below in 
detail. 

[0032] The video capture system 110 captures video frames rep- 
resenting a sequence of images corresponding to a scene 
or area of interest, and stores the frames in video data 
storage 120. Each frame generally contains multiple pixels 
depending on the resolution of capture, with each pixel 
information being represented using color representation 
schemes such as RGB or YUV, well known in the relevant 
arts. The scene/area may be logically viewed as containing 
multiple objects. 

[0033] video interface display 140 displays (from) either all the 
image frames stored in video data storage 120 or the key 
video frames stored in key video frames storage 130, for 
example, according to various user inputs. Some of the 



features of video interface display 140 are described in 
further detail in a section below. 

[0034] Key video frames identification block 150 may receive 
video frames from video data storage 120, and examine 
the received frames to identify the key video frames ac- 
cording to various aspects of the present invention as de- 
scribed below with reference to various examples. The 
identified frames may be stored in key video frames stor- 
age 130. Alternatively, the frames determined to be key 
video frames may be marked as such (as key video 
frames) within video data storage 120 (and thereby avoid 
additional storage for key video frames). 

[0035] | n addition, key video frames identification block 150 may 
examine the frames in real-time (as represented by the 
dotted connection to video capture system 110) to deter- 
mine the key video frames. The manner in which key video 
frames may be identified according to various aspects of 
the present invention is described below with examples. 

[0036] 3. Method 

[0037] Figure 2 is a flow chart illustrating the manner in which 
key video frames may be identified according to various 
aspects of the present invention. The description is pro- 
vided with respect to Figure 1 merely for illustration. 



However, various aspects of the present invention can be 
implemented in other environments as well, as will be ap- 
parent to one skilled in the relevant arts by reading the 
disclosure provided herein. Such other embodiments are 
contemplated to be within the scope and spirit of various 
aspects of the present invention. 

[0038] The method begins in step 201 and control immediately 
passes to step 210. In step 210, key video frames identifi- 
cation block 150 determines the displacement magnitude 
of each moved pixel of each current frame compared to 
the position in a corresponding prior frame. It may be ap- 
preciated that the displacement magnitudes represent a 
change of visual content of a frame with respect to a pre- 
vious frame. Such identification of moved pixels and com- 
putation of magnitude of change could be performed us- 
ing one of several known approaches. An example ap- 
proach to determine such displacement magnitude is de- 
scribed in a section below in further detail. 

[0039] it should be appreciated that the prior frame represents 
an example reference frame used for comparison. How- 
ever, other frames may also be used as a reference frame, 
depending on the considerations suitable for specific en- 
vironments. The corresponding implementations are also 



contemplated to be covered by various aspects of the 
present invention. 

[0040] | n s tep 220, key video frames identification block 150 

identifies pixels having high displacement magnitudes for 
each current frame. In an example embodiment described 
below, the displacement magnitudes follow a Guassian 
distribution, and only pixels deviating by more than two 
times the standard deviation from the mean value of the 
distribution are considered as pixels of interest. The re- 
maining pixels are ignored for the purpose of computa- 
tions of steps 230 and 240 described below. 

[0041] | n ste p 230, key video frames identification block 150 
computes a representative (e.g., average, median) dis- 
placement magnitude for each frame based on displace- 
ment magnitudes from pixels of interest. In an embodi- 
ment, the square of displacement magnitude (commonly 
referred to as the "motion vector energy") is normalized to 
a value of 1, and steps 220, 230 and 240 are performed 
on the normalized motion vector energy values. 

[0042] | n step 240, key video frames identification block 150 de- 
termines the rate of change of the computed average dis- 
placement magnitudes for successive frames. An example 
approach for computation of the rate of change of com- 



puted average displacement magnitude is described in a 
section below in further detail. 

[0043] | n s tep 250, key video frames identification block 150 se- 
lects as key frames, the video frames for which the rate of 
change and the average displacement values exceed cor- 
responding pre-specified thresholds. An example ap- 
proach for such identification is described in a section be- 
low in further detail. The flow chart ends in step 299. The 
description is continued with reference to example imple- 
mentation of some of the above-described steps. 

[0044] 4 Computation of displacement magnitude of each moved pixel in 
a frame 

[0045] | n 0 ne embodiment, key video frames identification block 
150 first identifies the pixels that have moved in a current 
frame (compared to prior frame) by computing displace- 
ment magnitude for each pixel. The, displacement magni- 
tude can be determined using one of several known ap- 
proaches (e.g., three step search well known in the rele- 
vant arts, and described in further detail in a document 
entitled, "Displacement Estimation by Hierarchical Block 
Matching — proc. SPIE Conference on Visual Communica- 
tion and Image Processing, Vol 1001, pp. 942-951, Jan 
1988, ", by M. Bierling). The manner in which magnitude 



of displacement can be determined is described below 
with an example. 

[0046] Figures 3A and 3B contain diagrams together illustrating 
the manner in which displacement magnitude can be 
computed for an example pixel (once it is determined that 
the pixel has moved using techniques such as those de- 
scribed above). In particular, Figure 3A is shown contain- 
ing pixel 310 (having center at location A and shown filled 
with dots) of a previous frame, and the same pixel is 
shown moved to 320 (also shown filled with dots) in Fig- 
ure 3B. The center of the pixel at 320 is shown as point D 
(in the current frame). Merely for understandability, pixel 
310 is shown in Figure 3B as well, but with vertical lines to 
represent that the pixel is from the prior frame. 

[0047] The vector AD represents the movement of the pixel, and 
the length of AD represents the magnitude of displace- 
ment. The magnitude of displacement for each moved 
pixel for a current frame may be similarly determined. 

[0048] | n an embodiment (used in the illustrative example(s) of 
sections below as well), the motion energy vectors (square 
of displacement magnitudes) are computed, and the re- 
sulting values normalized on a scale of 0 to 1 (with 1 rep- 
resenting the maximum displacement magnitude). The 



normalized motion energy vectors are used for further 
analysis in all the steps described below. 

[0049] However, it should be appreciated that the displacement 
magnitudes can be used in other forms (e.g., without nor- 
malization and/or using the squares of the values) without 
departing from the scope and spirit of various aspects of 
the present invention. In addition, the displacement mag- 
nitudes can be computed with respect to a next frame 
(instead of a prior frame, as otherwise described). The 
corresponding implementations will be apparent to one 
skilled in the relevant arts by reading the disclosure pro- 
vided herein. 

[0050] 5_ identification of pixels of interest 

[0051] | n one embodiment, key video frames identification block 
150 determines the pixels of interest that have moved 
substantially compared to corresponding positions in a 
previous frame. Only such pixels are considered for fur- 
ther analysis in one embodiment. 

[0052] Figure 4 contains a graph illustrating the manner in which 
pixels of interest can be identified for an example current 
frame. The X-axis represents the normalized motion en- 
ergy vector magnitudes (or small range of values) and Y- 
axis represents the pixel density (the number of occur- 



rence for the corresponding energy vector magnitude). 

[0053] As shown, the displacement motion energy vector magni- 
tudes follow Guassian distribution in the illustrative ex- 
ample. The peak of the distribution is shown at point 410, 
having X-coordinate (peak distribution point) of point 
450, and Y-coordinate of point 411. The pixels deviating 
from peak value 450 by more than two times variance are 
represented by points 430 and 440. 

[0054] The pixels falling outside the ranges of 430 and 440 are 
shown represented by dotted areas, and represent the 
pixels of interest. Only these active pixels may be in- 
cluded in further computations. With reference to step 
230, in an embodiment, the average motion vector energy 
of a frame is computed based on the pixels of interest. 
Such computed average may be used to determine the 
rate of change. 

[0055] q Determination of rate of change of the average displacement 
magnitudes 

[0056] According to an aspect of the present invention, key video 
frames identification block 150 determines the rate of 
change (difference of differences) of displacement magni- 
tudes, and the rate is used as one of the parameters in 
determining whether a video frame is to be treated as a 



key video frame. The manner in which the rate of change 
may be computed is described below with reference to 
Figures 5 and 6. 

[0057] Figure 5 contains a graph indicating the frame number on 
X-axis and the corresponding average motion vector en- 
ergy (computed as the average of the squares of displace- 
ment magnitude of pixels of interest) on Y-axis in an ex- 
ample scenario. For ease of representation, the values are 
selected in resolution of 0.1. Thus frame numbers 
545-555 are respectively shown with corresponding mo- 
tion energy vectors represented by points 510-A through 
510-J. 

[0058] The rate corresponding to each frame 545-555 is com- 
puted as the absolute value of a difference of the motion 
vector energy magnitude of the current frame and that 
(motion energy vector magnitude) of the previous frame. 
The corresponding values are shown plotted in Figure 6. 
For example, frame 551 is shown having a rate of 0.2 (at 
point 610-G) equaling a difference of 0.8 (the motion 
vector energy of current frame 551) and 0.6 (the motion 
vector energy of prior frame 550). 

[0059] As noted above with reference to step 250 of Figure 2, a 
frame is selected as a keyframe if the corresponding mo- 



tion vector energy and rate exceed corresponding thresh- 
old values. The threshold value for motion energy vectors 
is shown as broken line 500 (in Figure 5) and the thresh- 
old value for rates is shown as broken line 600 (in Figure 
6). 

[0060] | n the illustrative example, with respect to Figure 5, all 

frames except frame 553 exceed the threshold value 500, 
and thus a first set may be viewed as containing all frames 
except frame 553. With respect to Figure 6, frames 551, 
552 and 554 are shown exceeding the threshold value 
600, and a second set may be viewed as containing 
frames 551, 552 and 554. The intersection of the two sets 
(i.e., frames 551, 552 and 554) are determined to be key 
frames. 

[0061] As may be readily observed, the number of frames con- 
sidered as key frames are reduced due to the use of rate 
of change of motion vector energy as described above 
with reference to Figure 6. In addition, it should be appre- 
ciated that the above-described approach of computing 
rate of change of visual content is merely illustrative. Var- 
ious other approaches of computing the rate of change of 
visual content will be apparent to one skilled in the rele- 
vant arts by reading the disclosure herein. It may be noted 



that the rate of change of the rates may also be referred 
to as a rate. The corresponding implementations are con- 
templated to be covered by the scope and spirit of various 
aspects of the present invention. 
[0062] Another aspect of the present invention ensures that an 
optimum number of frames are selected as key video 
frames, as described below in further detail with an ex- 
ample. 

[0063] 7 Dynamic Thresholds 

[0064] According to an aspect of the present invention, key video 
frames identification block 150 adjusts thresholds 500 
and 600 dynamically to ensure that at least a (optimum) 
desired number of frames are determined to be key video 
frames with a specified duration. In an embodiment, the 
specified duration is translated into a number of succes- 
sive frames, and the respective number of frames exceed- 
ing thresholds 500 and 600 is counted. For purpose of il- 
lustration, it is assumed that a first number of frames ex- 
ceeds threshold 500 and a second number of frames ex- 
ceeds threshold 600. 

[0065] if the first number falls below a desired number, threshold 
500 is lowered. If the first number exceeds another de- 
sired number, threshold 500 is increased. Similar consid- 



erations are applied to lower or increase threshold 600 as 
well. By adjusting the thresholds adaptively and dynami- 
cally using such approaches, key video frames identifica- 
tion block 150 may ensure that sufficient number of 
frames are determined to be key video frames. The opera- 
tion of various aspects of the present invention in an ex- 
ample scenario are described below with reference to Fig- 
ures 7 A and 7B 
[0066] g Operation in an Example Scenario 

[0067] Figure 7 contains 15 frames (numbered 701-715 respec- 
tively) captured from a scene in which a person is present. 
Frames 701, 702, 703 represent low activity low motion 
frames. In frames 704, 705, and 706 4 the person is shown 
lifting his hand, representing increased activity and signif- 
icant motion. In frames 707, 708 and 709, the person is 
shown changing focus of attention towards his left, repre- 
senting changed activity, but with medium foreground 
motion. 

[0068] | n frames 710, 711 and 712, the person is shown turning 
to his right, representing change in activity, but with large 
foreground motion. In frames 713, 714, and 715 the per- 
son is shown continuing to laugh and another person en- 
ters the scene to pick some object from the table, repre- 



senting changed background activity and large back- 
ground motion. The manner in which the frames may be 
processed in an embodiment of the present invention is 
represented by the graph of Figure 8. 

[0069] The graph of Figure 8 contains frame numbers (0-500) on 
X-axis and the normalized motion energy vector on the 
Y-axis. The threshold used with the motion energy vector 
in selection of key frames is shown as horizontal line 810 
and the threshold used with the slope is shown as hori- 
zontal line 820. The frames of Figure 7 are indicated at 
different frame numbers of Figure 8. Thus, frames 701, 
702, and 703 of Figure 7 are shown close to frame num- 
ber 0 of Figure 8, and represent non-key frames. Frames 
704, 705 and 706 of Figure 7 are shown around frame 50 
of Figure 8, and represent key video frames. Frames 710, 
711 and 712 of Figure 7 are shown around frame 450 of 
Figure 8, and represent key video frames. Frames 713, 
714 and 715 of Figure 7 are shown around frame 475, 
and represent key video frames. 

[0070] The key frames thus identified and various related fea- 
tures may be displayed using a suitable user interface. An 
example user interface is described below in further de- 
tail. 



[0° 71 ] 9. User Interface 

[0072] Figure 9 contains a snap-shot of a screen illustrating an 
example user interface provided by video interface display 
140 in one embodiment. The screen is shown broadly 
containing six portions 901-906, and each portion is de- 
scribed below in further detail. 

[0073] Portion 901 displays the key frames in the form of a pie- 
chart. Broadly, the entire circle represents all the frames 
considered for analysis, and the specific frames identified 
as key frames are high-lighted. In the Figure, it is as- 
sumed that there are a total of 1040 frames, and accord- 
ingly the 360 degree angle is divided into 1040 successive 
lines, with the lines representing key frames being high- 
lighted. Thus, the pie chart represents a display which in- 
dicates the manner in which key video frames are inter- 
spersed in the analyzed sequence of frames. A user may 
click on a highlighted line and view the corresponding key 
frame in portion 904. 

[0074] Portion 904 displays a current frame. A user may select 
pause, play or stop buttons below the displayed frame to 
pause (suspend) the current frame, continue to sequen- 
tially view the images from the current frame, or to stop 
display. Portion 905 displays the previous, current and 



next key frames based on selection performed earlier (and 
stored in key video frames storage 130). 

[0075] Portions 902 and 903 respectively display information 
similar to the graphs of Figures 5 and 6. 

[0076] Portion 906 is shown containing three buttons, with the 
first button 921 enabling a user to select one of the key 
frames. The selected key frame may be immediately se- 
lected in portion 905. Second button 922 may enable a 
user to select the play speed, which controls the speed at 
which the images are displayed in portion 904. Third but- 
ton may enable a user to specify the threshold as normal, 
high or low. In general, a higher threshold leads to fewer 
frames being selected as keyframes. 

[0077] Thus, the interface shown in Figure 9 can be used by a 
user to view the captured frames as well as the key video 
frames. The description is continued with respect to an 
embodiment of key video frames identification block 150, 
which is controlled by software instructions as described 
below. 

[0078] io Software-driven Implementation 

[0079] Figure 10 is a block diagram illustrating the details of dig- 
ital processing system 1000 implemented substantially in 
the form of software in an embodiment of the present in- 



vention. System 1000 may be used to implement a portion 
of key video frames identification block 150 and/or video 
interface display 140. System 1000 may contain one or 
more processors such as central processing unit (CPU) 
1010, random access memory (RAM) 1020, secondary 
memory 1030, graphics controller 1060, display unit 
1070, network interface 1080, and input interface 1090. 
All the components except display unit 1070 may com- 
municate with each other over communication path 1050, 
which may contain several buses as is well known in the 
relevant arts. The components of Figure 10 are described 
below in further detail. 

[0080] CPU 1010 may execute instructions stored in RAM 1020 
to provide several features of the present invention. For 
example, the key video frames may be determined due to 
such execution. CPU 1010 may contain multiple process- 
ing units, with each processing unit potentially being de- 
signed for a specific task. Alternatively, CPU 1010 may 
contain only a single general purpose processing unit. 
RAM 1020 may receive instructions from secondary mem- 
ory 1030 using communication path 1050. 

[0081] Graphics controller 1060 generates display signals (e.g., 
in RGB format) to display unit 1070 based on data/ 



instructions received from CPU 1010. Display unit 1070 
contains a display screen to display the images defined by 
the display signals. Input interface 1090 may correspond 
to a key-board and/or mouse. Graphics controller 1060 
and input interface 1090 may enable an user to view vari- 
ous key video frames or the sequence of captured frames. 

[0082] Secondary memory 1030 may contain hard drive 1035, 
flash memory 1036 and removable storage drive 1037. 
Secondary memory 1030 may store the data and software 
instructions, which enable system 1000 to provide several 
features in accordance with the present invention. Some 
or all of the data and instructions may be provided on re- 
movable storage unit 1040, and the data and instructions 
may be read and provided by removable storage drive 
1037 to CPU 1010. Floppy drive, magnetic tape drive, CD- 
ROM drive, DVD Drive, Flash memory, removable memory 
chip (PCMCIA Card, EPROM) are examples of such remov- 
able storage drive 1037. 

[0083] Removable storage unit 1040 may be implemented using 
medium and storage format compatible with removable 
storage drive 1037 such that removable storage drive 
1037 can read the data and instructions. Thus, removable 
storage unit 1040 includes a computer readable storage 



medium having stored therein computer software and/or 
data. 

[0084] | n t his document, the term "computer program product" is 
used to generally refer to removable storage unit 1040 or 
hard disk installed in hard drive 1035. These computer 
program products are means for providing software to 
system 1000. CPU 1010 may retrieve the software in- 
structions, and execute the instructions to provide various 
features of the present invention as described above. 

[0085] 11m Conclusion 

[0086] while various embodiments of the present invention have 
been described above, it should be understood that they 
have been presented by way of example only, and not 
limitation. Thus, the breadth and scope of the present in- 
vention should not be limited by any of the above-de- 
scribed example embodiments, but should be defined 
only in accordance with the following claims and their 
equivalents. 



